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Abstract 
Offshore wind turbines have potential to supply offshore oil and gas platforms in the North Sea with electric energy. 
For remote located facilities it is attractive to pursue a solution where the wind turbines and oil platform operate in an 
isolated system. To study the operational properties of a system with these characteristics is necessary to identify 
possible advantages and disadvantages. This paper demonstrates how added voltage and frequency control in wind 
turbines equipped with full power electronic converters can improve the voltage and frequency stability in offshore 
oil and gas installations. The work is based on an electrical simulation model built in the PSCAD software. In the 
proposed transient simulation scenarios, the voltage dip is reduced from 16 % to 6 %, while the frequency overshoot 
is reduced from 97 % to 25 %. These are significant improvements that should be taken into consideration when 
offshore wind power is evaluated as power supply to oil installations. 
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1. Introduction 
Offshore oil installations in the North Sea normally utilize gas fired turbines in order to generate their 
required electric energy. The turbines are placed on the platform and operate with a low efficiency in 
range of 30 %. In addition to the environmental aspects, the utilization of gas brings expenses to the 
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involved companies: The gas could have been sold to the market, and the CO2-emissions must be 
compensated by quotas and/or taxation. 
In addition to extensive fossil resources, the Norwegian coast contains great wind resources. A large 
amount of offshore wind power is being planned along the whole coast, and a total capacity of 4.5 GW is 
reported to the Norwegian authorities as planned projects. No farms have yet been built offshore due to 
the currently large costs associated with offshore wind power. If an offshore wind expansion will take 
place in the North Sea, it is important to evaluate all different ways of grid connection. 
It would be beneficial to consider a synergy between offshore wind and oil platforms, since it is a 
costly process to electrify offshore installations. A key motivation behind this is the overall reductions in 
CO2-emissions. Research might reveal that a synergy can decrease the cost compared to a case where the 
grid integration was done separately. The platform owners are very interested in reducing the size of their 
conventional power plants. This will be increasingly important in the future, as the installed power per 
produced petroleum unit is expected to grow in the coming years. 
The electrical operation of oil platforms largely differs from an onshore power system in the sense that 
platforms are subject to more high stress events. Such events can be motor starts and loss of load with a 
significant percentage of the total generation capacity. If the interconnection with wind turbines can bring 
any operational advantages, this can serve as an additional motivation factor behind pursuing such a 
system. 
This paper demonstrates how wind turbines with Voltage Source Converters (VSC) can improve the 
stability of an islanded offshore power system consisting of an oil platform and wind turbines. The wind 
turbine development trends are mainly based on VSC technology. The VSC offers flexibility and fast 
control, and a variety of control strategies can be applied in order to achieve different objectives. These 
possibilities can dampen transient oscillations. This will again decrease the risk of system shutdown, and 
may improve the lifetime and performance of the electrical units on the platform.  
Two control strategies are presented and tested through simulations on the power system shown in 
Figure 1. Section 3 describes a dynamic reactive power droop control added to the wind turbines. It 
ensures a reactive power production proportional to the deviation between the nominal voltage and the 
actual voltage. This is beneficial during transient events, since the VSC normally has a shorter response 
time delay than the AVR and excitation system associated with the gas turbine synchronous generators. 
The dynamic control of reactive power can also decrease the resistive losses in the subsea cable between 
the turbines and oil platform. 
The other control strategy is related with frequency disturbances, and is described in section 4. A gas 
turbine has some time delays associated with ramping of power since it is based on thermal processes with 
fuel systems and valves. The active power demanded by the oil platform load may change faster than the 
gas turbine is able to react. The required energy is temporarily drawn or added to the rotational energy of 
the system, hence causing a frequency disturbance. In order to reduce the amplitude of these disturbances, 
this paper demonstrates a temporarily frequency droop control in the wind turbines. The converter utilizes 
the large turbine inertia as an energy source or sink. 
Both strategies are simulated and verified using a PSCAD-model originating from [1]. 
Figure 1: Offshore wind Farm connected to Oil Platform 
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2. System description 
A case study is developed based on a fictitious topology where a wind farm with 20 MW installed 
capacity is connected to an oil platform with 40 MW peak load, see Figure 1. The system layout and 
dynamic properties is now outlined for the wind farm and the oil platform. Extensive details, including 
numerical parameters, can be found in [1]. 
2.1. Wind Farm 
The wind turbine used embeds a Permanent Magnet Synchronous Generator (PMSG), Voltage Source 
Converter (VSC), pitch control, and a step-up transformer. See Figure 2 for an overview of the turbine. 
An aerodynamic model is also included that dynamically calculates the mechanical torque acting on the 
generator based on the wind speed, pitch angle and generator speed [2].The VSC employs vector control 
in the dq- reference frame, and is controlling the following quantities in normal operation mode: wind 
turbine rotational speed, magnetic field in the PMSG, DC-link voltage and reactive power to grid.  
2.2. Oil Platform 
The oil platform should reflect an existing installation that is able to cover its own load in stand-alone 
operation. The generating unit is a gas turbine with an associated synchronous generator. The generator 
rating is 50 MVA. The load is assumed to consist of 8 fixed speed induction motors with 5 MW rating 
each. This is a simplification since an oil platform often contains a mix of fixed-speed and variable-speed 
motors with frequency converters. The simplification is not assumed to influence the results to a large 
extent. 
An overview of the oil platform model is given in Figure 3. The governor and AVR control systems 
are indicated, and they are responsible for controlling the frequency and voltage, respectively.  
Figure 2: Wind turbine configuration 
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3.  Voltage Control 
The conventional power generation units on oil platforms are equipped with Automatic Voltage 
Regulators (AVR). The AVR controls the system voltage by changing the magnetization in the rotor of 
the synchronous generator. However, it is remarked that its transient response is limited by the time-
delays in the field winding and excitation system. During disturbances, this may introduce large 
oscillations in the voltage, which again can cause load units to trip. The motivation behind introducing 
voltage control in the wind turbines is to strengthen the voltage stability of the system. A key benefit is 
that the wind turbine converter has a faster response than the AVR and excitation system. 
A fundamental challenge with Voltage Source Converters is that the current must be kept lower than 
the limit irated. In per unit, the limitation is equivalent to: 
 2 2 2 2ratedP Q V i d        (1) 
In order to reduce the cost and size of the converter, irated is chosen as small as possible, normally 
slightly larger than Prated/Vrated in per unit. This allows for some reactive power flow during maximum 
production, which is required in order to comply with the power factor requirements in some grid codes.  
Two important observations can be made from (1). First, if the active power is close to the rating, the 
absolute value of the reactive power must be kept close to zero. Second, if the wind farm voltage 
decreases, the apparent power must decrease correspondingly. This represents two important limitations 
that will affect the voltage control capability. 
Voltage control in wind turbines can be implemented in several ways. As discussed in [1], the voltage 
droop control is an efficient choice. With voltage droop control, the reactive power supplied by the wind 
farm follows the characteristic in Figure 4. V0 is a reference voltage where the desired reactive power 
production is Q0. A decrease in the voltage will be sensed by the controller, and the reactive power is 
increased proportionally to the voltage decrease. Limiters are present to ensure that the reactive power 
does not exceed Qmin and Qmax according to (1). 
    
 
     The control block diagram including the reactive power dynamics is shown in Figure 5. 
0 0( ) /( )vK Q Q V V     is the negative slope of the droop-characteristic. The dynamic response of the 
converter is simplified to a first-order transfer function with time-constant TQ. Depending of the switching 
frequency in the converter, TQ can lie in the range of 100 ms. 
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Figure 4: Voltage-droop characteristics 
Figure 5: Voltage-droop block diagram 
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4. Frequency Control 
Frequency control is achieved in conventional offshore power plants by means of droop control in the 
gas turbine governors. This principle requires that the generating unit is able to increase or decrease the 
production based on changes in the frequency, and can therefore not easily be transferred to wind turbines. 
Since the wind is intermittent, it is not possible to obtain a continual increase beyond the available wind 
energy. 
In the case that the wind power exceeds the total load, the gas turbines should ideally be turned off, 
allowing for wind power to cover the whole load. This requires power control functionality in the wind 
turbines to avoid frequency stability problems. A method is presented in [3] that implements an adaptive 
frequency droop controller in the wind turbines in order to let the wind turbines operate without gas 
turbines. Such control is considered out of the scope of this work, since the wind power capacity is only 
50 % of the maximum load. It is assumed that the oil platform normally operates at high load, therefore 
the number of hours when wind power exceeds load will be small. It should still be investigated how the 
wind turbines can contribute with active power during disturbances, and hereby increase the transient 
frequency stability. This functionality is denoted frequency support. 
A wind turbine frequency support can be achieved in an autonomous manner through a slightly 
different approach than in [3]. Different methods are described and tested in [4-7] that inputs an additional 
signal to the inner current loop in the wind turbine speed control. These methods use either frequency 
deviation, frequency rate-of-change, or a combination of these as input signal to the controller. A 
comparison is performed in [5] that indicated better performance of the frequency deviation strategy. It is 
also claimed that it is harder to obtain an accurate measurement of the frequency rate-of-change. The 
frequency deviation strategy is therefore chosen and implemented in this paper. A simplified speed 
control block diagram without time-constants and limiters is viewed in Figure 6. f0 is a reference 
frequency, while f is the measured system frequency, both in per unit. kf is the frequency support gain, 
which should be tuned based on both the wind turbine and grid characteristics. Ȧand ȦBopt are the per unit 
wind turbine rotational speed and its reference, respectively. The speed and current PI-controllers are also 
shown with their corresponding parameters for gain and integration time. k is a multiplication constant 
between the q-axis current iq and the electrical torque T. In a PMSG where id=0, iq and T will be 
proportional quantities [8]. 
The transient response of the inner current loop is only limited by controller and semiconductor time-
delays, such that a desired change in the power output can be obtained after in range of 10-100 ms. The 
speed control loop however, is given a much slower response due to the large inertia of the turbine. These 
two properties are utilized in order to achieve a temporary frequency support. When a disturbance in 
frequency occurs, the wind turbine power output will immediately change based on the frequency support 
block in Figure 6. This will lead to an acceleration or deceleration of the turbine, and the speed PI control 
will seek to counteract this effect. Since the speed controller requires several seconds before it is able to 
move the power back to the pre-disturbance value, a temporary frequency support is achieved.  
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234   Atle Rygg Årdal et al. /  Energy Procedia  24 ( 2012 )  229 – 236 
Some considerations should be taken into account in a practical implementation of this controller. The 
frequency support block is adding an offset to the current reference iq*. This offset should be added to the 
limiter of the speed PI-controller to avoid integrator saturation. In addition, filters may be required in 
order to reduce noise in the measurements, and this should be investigated in future works. Another 
important issue is to check how large power inrush the DC-link can handle during frequency support. This 
requires an accurate model of the semiconductors and converter control. It is assumed that this limitation 
will not influence the frequency support capability to a large extent. 
5. Simulation results 
The two proposed control functionalities are tested with a model implemented in the PSCAD 
simulation environment [1]. Even though both controllers should act together in a real implementation, 
they are tested independently in order to isolate the individual behavior. The voltage control is tested 
using an oil platform motor start as transient simulation case, while the frequency support is subjected to 
a sudden loss of large load. 
5.1. Voltage control 
A start-up of a direct-on-line connected induction motor requires a large reactive current, and may lead 
to a severe voltage dip. As explained in section 3, voltage-droop controllers in the wind turbines can help 
stabilizing such transient events. A simulation is presented where the oil platform has 35 MW load 
initially running, and an additional 5 MW motor is started at t=1 s. The droop control gain Kv is varied 
from 0 to 12, where 0 corresponds to the scenario with no droop control implemented. The resulting 
system voltage is shown in Figure 7 a). An improvement is clearly visible for increasing values of Kv. The 
dip is reduced from 16 % in the case without control to 6 % for the largest value of Kv. Figure 7 b) shows 
the reactive power output from the whole wind farm. When Kv=12 the reactive power output is 15 MVAr 
from the whole farm. This means that the active power output must be low in order to satisfy the 
limitations in (1). In order to determine the optimal value of Kv, a more thorough investigation of the 
trade-off between improved voltage stability and converter limitations is required. 
Figure 7: Voltage and Reactive power during motor start, with voltage droop gain Kv = 0…12 
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5.2. Frequency Support 
In order to evaluate the performance of the frequency support control system, a large loss of load is 
considered. The oil platform load is initially 40 MW, and 10 MW is suddenly disconnected at t=5 s. The 
wind farm active power production is 15 MW at t=0, and the wind speed is assumed constant throughout 
the simulation. A comparison is presented to evaluate the system behavior with and without frequency 
support implemented. Based on the results from many simulation runs, kf=25 was chosen as the 
frequency support gain in Figure 6.  
Figure 8 a) shows the frequency in the system. A large overshoot is visible in the base case. The 
oscillations are heavily reduced with frequency support implemented. For comparison, the overshoot is 
reduced from 97 % to 25 %, and this is considered a significant improvement in the frequency stability. In 
both simulations the frequency settles in a new operating point according to the droop setting in the gas 
turbine governor. 
Figure 8 b) shows the wind farm active power. It is constant equal to 15 MW in the base case, since 
the default wind turbine operating strategy is to deliver maximum power regardless of the system state. 
When frequency support is implemented, wind turbine active power is rapidly reduced as the load is lost, 
but the power is restored after 3 s. This is the duration needed for the speed control to compensate the 
change in iq-reference according to Figure 6. The turbine power exceeds 15 MW for additional 14 s due to 
rotor overspeed, since excess wind power is stored in the turbine rotational energy during the first 3 s of 
the transient. Figure 8 d) shows the wind turbine rotational speed, and it is seen that its overshoot is 
smaller than 0.1 p.u.  
Figure 8 c) shows the gas turbine power. Without support from the wind turbines it has to balance the 
load change alone. This leads to more oscillations than in the case where frequency support is 
implemented. It should be noted that the sum of wind and gas turbine power does not add up to 30 MW 
during the transient. The remaining power is drawn from the rotational energy in the system as explained 
in section 4, and is causing the frequency overshoots in Figure 8 a). 
It should be remarked that the numerical values used in the simulations have large influence on the 
resulting transient response. The extent of parameter variations has been investigated through a sensitivity 
analysis in [9]. The results show that frequency transients are very sensitive to gas turbine parameter 
changes. It is therefore important to gather accurate model data before drawing any case specific 
conclusions. 
Figure 8: Loss of 10 MW load, with and without frequency support (kf = {0,25}) 
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6. Conclusions 
This paper has shown that wind turbines equipped with Voltage Source Converters (VSCs) can 
improve the power system stability in oil and gas platforms. Both the voltage and frequency control 
functions in conventional offshore power plants suffer from a slow response compared to the performance 
of the VSC. The improved system operation can be considered as an extra advantage in addition to the 
environmental and financial benefits that are present when wind turbines are connected to oil platforms. 
Both the described features are possible to achieve by software adaptations to existing technologies. 
The voltage droop control allows the wind turbines to autonomously and dynamically compensate 
reactive power in order to stabilize the platform voltage. This is beneficial both in terms of reduced 
overall losses and increased system security. The frequency support control utilizes the rotational energy 
in the wind turbines as short-term energy storage during frequency transients. The control system is able 
to significantly improve the system response compared to the base case without control. 
This paper has highlighted some benefits that wind turbines can apply to offshore isolated power 
systems. It should be remarked that several challenges can arise that is considered out of this work's 
scope. Fault conditions and protections must be thoroughly investigated in further works to achieve the 
high security of supply that oil platforms require. Also, the system should survive disconnection of 
turbines, and measures to ensure sufficient redundancy must be taken. 
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